Surgical treatment can decrease the pain burden of patients, as well as improve their quality of life and social satisfaction. However, postoperative infection and other complications may harm patients and may even cause surgical failure and death. This review describes the definition, classification, and status of surgical site infection (SSI). In addition, this review provides an analysis of the relevant risk factors that result in SSI, and proposes the corresponding preventative and control measures for each different risk factor.
Surgical patients usually exhibit postoperative weakness a nd low resista nce. W hen accompa n ied by i nvasive surgery, the extensive use of antibacterial drugs causes dysbacteriosis and the propagation of dr ug-resistant strains. The above factors all increase the probability of hospital infection. Cases of postoperative surgical site infection (SSI) account for 15% of reported cases of hospital infection. The incidence of SSI ranks third a mong t hose of a l l t y pes of hospit a l i n fec t ion . SSI increases the length of hospital stay, patient mortality, and hospitalization expenses, thus exerting considerable economic burden on individuals and society. More than 40% of SSI cases will benefit from SSI monitoring. [1] Therefore, studying the incidence and risk factors of SSI are crucial for the prevention and control of hospital infection and increase investment in the control of SSI by raising awareness among the administrative and management departments of hospitals. Controlling SSI can decrease hospital infection rates, relieve the pain burden of patients, as well as improve the health and decrease the medical expenses of patients.
Definition and classification of SSI
SSI is defined as infection that develops in surgical incision and organs. According to the 2001 Hospital Infection Diagnosis issued by the Nationa l Hea lth and Fami ly Planning Commission of PRC, SSI is div ided into 3 categories: infection of superficial incisions, deep incisions, or organ/lacunae. Superficial incision infection is limited to infections of the incisions of the skin and subcutaneous tissue and occurs within 30 days of surgery. Deep incision infection refers to infection that occurs 30 days within nonimplant surgery or within 1 year of implant surgery, such as the installation of cardiac valve prostheses, artificial blood vessels, mechanical hearts, and artificial joints. Deep incision infection occurs in deep soft tissue, such as deep fascia and muscle. Organ/lacunar infection refers to the infection of organs or lacunae, except for the skin, subcutaneous tissue, deep fascia, or muscle, within 30 days of non-implant surgery and within 1 year of implant surgery.
Current status of SSI
As reported by the World Health Organization, the global incidence of SSI is approximately 0.50%-15.00% and is not equally distributed. Wu Anhua et al. pointed out that in China, the incidence of SSI ranks third among those of other hospital infections. On average, each incidence of SSI extends hospital stay by nearly 12 days and increases treatment costs by 12872 RMB [2] . Therefore, the prevention and control of SSI has become an important part of hospital infection management.
Risk factors of SSI
The study of SSI risk factors is crucial for the prevention and control of SSI. The infection of surgical incisions depends on numerous factors. In 2002, the Center for Disease Control identified basic situation and operation factors as SSI risk factors [3] . Numerous clinical studies and observations have established that the incidence of postoperative infection is related with patient factors, surgery factors, environmental and sanitary factors, hand hygiene, and the unreasonable application of antibacterial drugs [4] .
Patient factor
T he inherent factors of the patient can increase the probabilit y of SSI. Physiological factors, such as age and obesity, and underlying diseases, such as diabetes, malignant tumors, and chronic obstructive pulmonary disease (COPD), are some obvious factors of SSI.
Age
A large number of literatures show that SSI easily occurs among infants and elderly patients [6] . The young age and immature immune organs of infants facilitates SSI. In the elderly, the functional decline of immune organs facilitates SSI.
Obesity
Obese patients have high body fat, poor blood circulation, and low healing rate. The intra-operative incision on both sides of tissue is under high tension. Mechanical actions like extrusion and clamping can injure fat tissue. In addition, the dead space that results from poor stitching increases the probability of infection. Some literatures report that the probability and severity of postoperative infection, a highrisk factor of SSI, among obese patients is higher than that among normal patients [7] .
Underlying diseases 1) Diabetes:
Hyperglycemia is an independent risk factor of SSI [8] . Hyperglycemia not only restrains the phagocytic function of leukocytes and facilitates infection but also causes blood stream obstruction and the tissue ischemia hypoxia of peripheral vessels. The high blood sugar levels of diabetes patients provide a natural culture medium for bacterial propagation, thus facilitating infection. In addition, the difficulty of postoperative healing among diabetes patients increases the chances of infection. Studies have shown that once the blood sugar of a liver transplant patient exceed 11.2 mmol/L, the incidence rate of SSI increases (OR = 2.25, 95%CI 1.26-4.03, P = 0.006) [9] . The incidence of SSI among diabetes patients after the surgical installation of artificial joints is approximately thrice that among non-diabetes patients [10] . 2) Malignant tumors: The incidence of malignant tumors has gradually increased in recent years. Therefore, malignant tumors h av e b e c ome a c l i n ic a l l y c om mon a nd f re q ue nt l y occurring disease. Tumors, particularly malignant tumors, are a wasting disease that degrades the immune system of patients. In addition, the tox ic products of tumors also can cause metabolic disorders. Radiotherapy and chemotherapy will decrease leukocyte counts and increase the chances of infection. The incidence rate of hospital infection after tumor surgery is 39.76% [11] . 3) COPD:
Elderly patients have low immunity. Thus, if their disease is combined with infective lesions like COPD, the infection decreases the efficacy of surgery. COPD can increase the comparative risk of postoperative pulmonary infection by 2.70%-4.70% [12] .
Environmental and sanitary factors
The operating room is the key area of hospital infection. The air quality of the operating room directly inf luences wound healing. The high number of operations, frequent consecutive operations, and the reception and delivery of patients all cause air pollution and result in postoperative infection [13] . The case history pages and CT photography can introduce contamination; incomplete disinfection, broken aseptic pack, or expired aseptic materials can all cause hospital infection.
Hand hygiene
Direct or indirect infection results from hand contact, which is the most common transmission pathway of hospital infection. Insufficient hand hygiene facilities and the poor implementation of hand hygiene methods ca n cause t he t ra nsm ission of pat hogen ic bac ter ia . Approximately 30% of hospital infections are transmitted via hand contact among medical staff [14] .
Relevant surgical factors Preoperative skin preparation
Improper preoperative sk in preparation increases the probability of infection. Research has shown that the traditional shaving method easily injures the skin, thus destroying skin integrity and increasing the probability of infection [15] .
Surgical site
Some literatures show that in surgeries with the same risk level, patients who underwent colon, rectum, or gallbladder resection have the highest incidence of SSI. SSI incidence is pa r t ic u la rly h igh a mong pat ients who u nder went gastrointestinal surgery and accounts for more than 90% of all cases of incision infection [16] . Pathogenic bacteria colonize the colon and rectum, and the content of the digestive tract easily contaminates the surgical site. Anesthesia method Some studies have reported that the postoperative lower respiratory infection of patients under general anesthesia is higher than that in patients under other anesthesia methods. Intubation for general anesthesia connects the respiratory tract with the external environment and makes the nose and mouth pharynx lose their defensive role [17] . In addition, general anesthesia can cause lesions in the tracheal epithelia, thus increasing the chances of bacterial infection.
Emergency surgery
Patients that require emergency surgery usually are in a critical condition. Cases that require emergency surgery include stroke, vehicular accidents, and viscera perforation. Emergency surgery patients are usually in poor condition w it h low i m mu n it y a nd may even present i n fec t ion symptoms. In the meantime, the insufficient preparation of the operating room, the incomplete disinfection of indoor air, the insufficient hand hygiene of the medical staff under emergency circumstances, and the irregular operation of aseptic techniques all will increase the probability of infection. Therefore, the incidence of infection after emergency surgery is often higher than that after elective surgery [18] .
Surgical time 1) Duration of preoperative hospital stay:
Extended preoperative hospitalization is an independent risk factor for SSI. Extended hospitalization increases the probability of colonization by drug-resistant strains, which easily cause hospital infection [19] . 2) Surgical duration: Extended surgery increases the chances that the incision comes with contact with microbes from the external environment. In addition, extended traction causes edema damage to tissue at the surgical site, thus influencing the healing effect and increasing the probability of infection. Some reports have verified that SSI is proportional to the duration of surgery. Anaya et al. [20] discovered that the duration of surgery ≥ 2 hours is an independent risk factor for postoperative infection.
Intra-operative warming
Wogan etc. [21] reported that during surger y, patients with hypothermia are thrice more likely to obtain SSI. The hospital stay of these patients will be prolonged by approximately 20%. The low temperature in the operating room, the inhibiting effect of the anesthetic drug on the heat-regulating center, intra-operative transfusion, the exposure of the body surface and cavity, and normal saline washing will all cause intra-operative hypothermia, which decreases body immunity and increases the probability of infection.
Postoperative intervention
Physicians and interns with low qualifications and poor, unstandardized aseptic operation are usually responsible for postoperative dressing. They usually cannot accurately judge the status of wound healing, thus easily causing SSI [22] .
Preventive application of antibacterial drug
Applying antibacterial drugs 30 min-2 h before surgery can effectively prevent the incidence of SSI. However, the extended postoperative use of antibacterial drugs not only fails to decrease the incidence of SSI but instead increases the probability of infection. The injudicious use of antibacterial drugs without indications, the inaccurate timing and supplementation during operation, the longt i me use of a nt ibacter ia l d r ugs a f ter operat ion, a nd combination drug therapy without indications will all increase the probability of hospital infection [23] .
Prevention and control measures of SSI
To summarize, SSI is caused by multiple factors. To ef fectively prevent the incidence of SSI, training on knowledge about hospital infection should be strengthened. In addition, the understanding of prevention and control measures of SSI by the medical staff should be enhanced and targeted measures should be adopted.
Improve patient factors
Actively treat the basic diseases and primar y lesions of patients. Provide additional nutrition to patients to strengthen their immunit y and maintain their sound conditions before operation.
Environmental and sanitary factors
St r ic t ly a l loc ate f u nc t ion a l a rea s , s t a nd a rd i z e t he management of disposable items, regularly maintain the air disinfection machine, and strengthen the ventilation of the operating room. Clean and disinfect the medical facilities, contaminated items, surfaces of items, and the floor.
Standardize hand hygiene:
Set a standard for hand hygiene. Strictly implement hand disinfection in accordance with the hand disinfection requirements of the surger y department. Regularly or irregularly implement the hand surface bacterial culture to ensure that hand hygiene has effectively decreased the transmission of infection via hand contact. To decrease the incidence of hospital infection and to prevent cross i n fec t ion t h roug h t he med ica l sta f f, st reng t hen t he knowledge training on hand hygiene and enhance the compliance of medical staff to hand hygiene.
Relevant factors of surgical operation
Reasonable preoperative skin preparation Studies have shown that preoperative skin preparation should be as brief as possible. The traditional shaving method for sk in preparation w ill injure the sk in and increase the probability of infection. A depilatory has a lower probability for infection than shaving but may cause adverse reactions. Therefore, the shearing method, which neither injures the skin nor causes skin allergy, is the best skin preparation method and should be used as much as possible [24] . Preoperative skin preparation also includes skin cleaning. If 2% gluconate chlorhexidine is applied during the preoperative shower, it can achieve 7 days of antibacterial effect. To achieve sterilization effect, patients for elective surgery should use 2% gluconate chlorhexidine for bathing on the night before the operation and on the morning of operation day.
Improve surgical techniques
Surgeons should strengthen their training, standardize their techniques, correctly evaluate the condition of the patients, and use reasonable anesthesia. Surgery should be conducted in accordance with aseptic techniques to decrease unnecessary contamination. Sufficient operative exposure can decrease tissue damage. Close cooperation with the instrument nurses can decrease the duration of surger y. Surgeons should avoid residual cavities when stitching and allow for adequate drainage after surgery to decrease the incidence of postoperative infection. The air conditioner should be turned on during surgery. Cover the body of the patient with a blanket and provide a hot-water bottle at the venous transfusion position to maintain he intra-operative body temperature of the patients, reduce the infection probability caused by hypothermia, and to shorten hospital stay and bed rest time.
Strengthen postoperative intervention
Given that lowly qualified physicians and interns are responsible for changing postoperative dressing , the training of newcomers and interns should be improved, aseptic techniques should be standardized, and regular spot check and assessments should be conducted. Class II surger y requires 24 h of the prophylactic use of antibacterial drugs, which can be extended to 48 h if necessary. The prophylactic use of drugs in Class III surger y can be appropriately extended in accordance with the situation. As the perioperative prophylactic, antibacterial drugs should be selected based on the type of surger y, surgical site, and antibacterial spectr um. Medication should be provided at the appropriate moment (30 -120 min before surger y) and stopped as soon as possible af ter surger y to ensure the appropriate and rational application of antibacterials. In the meantime, cl i n ica l doc tors shou ld i nspec t a nd selec t t he r ig ht antibacterial drug in accordance with the results of drug sensitivity tests to decrease bacterial drug resistance and treatment failure from the injudicious use of drugs.
Management of antibacterial drug application
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